Abstract Sentinel node (SN) navigation surgery is expected to realize organ-and function-preserving surgery with SN mapping, and has been applied in operations for breast cancer and melanoma. But there has been no definite evidence for the SN concept in gastric cancer. A prospective multicenter trial to confirm the SN concept for gastric cancer conducted by the Japan Society of Sentinel Node Navigation Surgery reported that the SN detection rate, sensitivity of positive SNs, and accuracy of nodal status are 97.5 % (387/397), 93 % (53/57), and 99 % (383/ 387), respectively. A detailed analysis of the trial suggested that strictly the ''lymphatic basin concept'' rather than the ''SN concept'' was confirmed in early gastric cancer. The Japan Society of Sentinel Node Navigation Surgery started a new trial of function-preserving gastrectomy with lymphatic basin dissection (LBD) for early gastric cancer without metastasis in SNs on the basis of this promising outcome of the trial. It is supposed that LBD guarantees curability in SN navigation surgery for early gastric cancer. Full-thickness resection or endoscopic submucosal dissection in combination with laparoscopic LBD will soon be a new treatment option for early gastric cancer.
Introduction
Patients receiving standard gastrectomy frequently have postgastrectomy syndrome, including dumping symptoms, early satiety, diarrhea, anemia, and bone disorder [1, 2] . Because the incidence of early gastric cancer usually showing good prognosis has been increasing for the last two decades, postgastrectomy syndrome is a life-long problem for gastrectomized patients. Recently, some early gastric cancers with mucosal invasion have been treated with endoscopic therapies such as endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) [3, 4] . But most early gastric cancers need a standard operation including gastrectomy of more than two thirds of the stomach and lymphadenectomy of second-tier lymph nodes (D2 gastrectomy). Function-preserving gastrectomy with limited lymphadenectomy to improve the postoperative quality of life is recommended for patients with early gastric cancer for whom EMR or ESD is not applicable. But since 10-20 % of patients with early gastric cancer have lymph node metastasis, it is very difficult to reduce the extent of lymphadenectomy without recognizing the metastatic status of regional lymph nodes. Sentinel node (SN) navigation surgery (SNNS) is expected to diagnose lymph node metastasis intraoperatively and to realize function-preserving gastrectomy with selective lymphadenectomy [5, 6] .
SNNS has been applied in surgery for breast cancer and melanoma. But there has been no definite evidence for the SN concept in early gastric cancer even though many articles have been published on a single-institute basis. Recently, a prospective multicenter trial conducted by the Japan Society of Sentinel Node Navigation Surgery demonstrated promising outcomes confirming the feasibility of SN biopsy for early gastric cancer [7] . On the basis of this result, several clinical studies for new treatments including function-preserving gastrectomy with individualized lymphadenectomy will be launched soon.
Evidence of SN concept in gastric cancer
It is a critical question whether the SN concept is applicable to gastric cancer, especially early gastric cancer. According to several studies from a single institute in not only Japan, Korea, and also other countries, it is reported that the detection rate, sensitivity, and accuracy are 55-100 %, 40-100 %, and 70-100 %, respectively [8] . Ryu et al. [9] performed a meta-analysis of SN biopsy for gastric cancer, collecting 46 studies, which included 2,684 patients, published from 2001 to 2009. They reported that the sensitivity, detection rate, negative predictive value, and positive predictive value were 87.8, 97.5, 91.8, and 38.0 %, respectively, warning that SN biopsy could not be clinically applicable for limited lymphadenectomy because of its low sensitivity and interstudy heterogeneity. Ryu et al. also showed that the number of harvested SNs (more than four) is the only factor to affect sensitivity. Another meta-analysis was reported, dealing with 38 articles and including 2,128 patients [10] . In this study, the SN identification rate, sensitivity, negative predictive value, and accuracy were 93.7, 76.9, 90.3, and 92.0 %, respectively. Early T stage, use of combined tracers, the submucosal tracer injection method, conventional open surgery, and pathological diagnosis by immunohistochemistry were associated with a higher SN identification rate and higher sensitivity.
Since it remains controversial whether the SN concept is valid or SNNS is feasible in gastric cancer, a large-scale prospective study is needed to confirm the SN concept. The Japan Society of Sentinel Node Navigation Surgery conducted a prospective multicenter trial to confirm the SN concept, optimal indications, and adequate methodology for gastric cancer [7] . Twelve institutes experiencing more than 30 cases of SN mapping participated in this trial. Gastric cancer patients assessed as having cT1N0M0 or cT2N0M0 disease with single primary lesions, smaller than 4 cm in diameter, and who had not received any specific treatments were considered as candidates for the study. Following biopsy of the identified SNs during an operation, mandatory D2 or modified D2 gastrectomy was performed according to the current gastric cancer treatment guidelines of the Japanese Gastric Cancer Association [3] . Finally, 397 of 433 registered patients were analyzed. The SN detection rate, sensitivity of positive SNs, and accuracy of nodal status were 97.5 % (387/397), 93 % (53/57), and 99 % (383/387), respectively. Only four patients had falsenegative SN biopsy results, and pathological analysis revealed that three of the four patients had metastasis in a non-SN inside a lymphatic basin, an area containing stained lymph nodes and lymphatic vessels. One patient with metastasis in a non-SN outside a lymphatic basin had a primary tumor with a diameter of 4.9 cm. This patient resulted in a case beyond the indication of this trial. These results suggested that strictly the ''lymphatic basin concept'' rather than the ''SN concept'' was confirmed in early gastric cancer. The Japan Society of Sentinel Node Navigation Surgery started a new trial of function-preserving gastrectomy with lymphatic basin dissection (LBD) for early gastric cancer on the basis of this promising outcome of the trial.
The Japan Clinical Oncology Group conducted another large multi-institutional trial (JCOG0302) [11] . The SN mapping in this study was performed by intraoperative serosal injection of indocyanine green (ICG), and sensitivity was estimated on the basis of intraoperative pathological examination. But this trial was discontinued owing to a high false-negative rate of 46 % (13/28). The authors of the report analyzed a permanent pathological specimen of green nodes using additional paraffin sections, demonstrating that the false-negative rate was reduced to 14 % (4/ 28). They supposed that intraoperative histological examination using only one section and a learning period with five patients for SN mapping in each institution caused the high false-negative rate. In the multicenter trial conducted by the Japan Society of Sentinel Node Navigation Surgery, 30 cases are required as the minimum initial learning phase according to the recommendation from the other multicenter report [7, 12, 13] .
Practical aspect of SN mapping

Tracers
Suitable tracers are necessary for detection of SNs. A dye or a radioisotope or both are used as tracers for SN mapping in gastric cancer. Dual-tracer mapping using both a dye and a radioisotope is recommended rather than singletracer mapping (dye or radioisotope) because the rate of detection of SNs in dual-tracer mapping is higher than that in single-tracer mapping, and only both of the tracers can detect metastases in SNs [7, 10] .
Dyes such as sulfan blue (patent blue V), isosulfan blue (lymphazurin), and ICG are intraoperatively injected into gastric submucosa by endoscopy or into subserosa from the serosal side. They are very useful because of visibility, cheapness, safety, and an ability to stain not only lymph nodes but also lymphatic vessels. Dyes are, however, not preferable for patients with thick intraperitoneal adipose tissue or in the case of laparoscopic surgery. In general, blue dyes such as sulfan blue and isosulfan blue are more visible than a green dye such as ICG because background adipose tissue is colored yellow, a color complementary to blue. Thus, blue dyes were more prevalent than ICG in SN mapping, but recently ICG has replaced blue dyes because of allergic reaction and medical insurance in Japan.
But it is problematic that lower visibility of ICG contributes to a lower detection rate in SN mapping. To improve the rate of detection of SNs by ICG, Nimura et al. [14] developed a new fluorescence system to observe ICG absorption using infrared ray electronic endoscopy (Olympus Optical, Tokyo, Japan). They reported that the SN identification rate and sensitivity for infrared ray electronic endoscopy versus ICG alone were 99.5 % versus 85.8 %, and 97.0 % versus 48.4 %, respectively [15] . Moreover, another teype of fluorescence imaging using the ICG emission system was developed for SN mapping [16] . The photodynamic eye (PDE; Hamamatsu Photonics, Hamamatsu, Japan) is able to observe ICG fluorescence emitted by a light-emitting diode. The PDE clearly detects SNs compared with the usual method of staining with ICG itself. But a dark field in an operating room is necessary for detecting SNs in SN mapping by the PDE. Newly developed ICG fluorescence systems such as the HyperEye Medical System (Mizuho Medical, Tokyo, Japan) [17] and the D-light P system (Karl Storz, Tuttlingen, Germany) ( Fig. 1) do not need room lights to be turned off for SN detection. The ICG concentration for detecting fluorescence should be as low as 0.05 mg/ml. These systems make it possible for both mapping and retrieval of SNs to be performed under room light.
On the other hand, 99m Tc-phytate or 99m Tc-tin colloid is usually used as a tracer in gastric cancer. Since the half-life of 99m Tc is about 6 h, the 99m Tc radioisotope tracer is injected 1 day before surgery, and the radioactivity of lymph nodes is detected intraoperatively using a gamma probe. Preoperative lymphoscintigraphy is not routinely performed because its usefulness is very limited owing to a shine-through effect of the primary tumor and regional lymph nodes [8] . A great advantage of the radioisotope method is that it objectively measures the intensity of radioactivity and detects radioactivity even in thick intraperitoneal adipose tissue. Radioisotope tracers remain in lymph nodes for a relatively long time and so are preferable for laparoscopic surgery. The major drawbacks of radioisotope tracers are their high expense and the necessity of a radiation-controlled area.
Injection of tracers
Both submucosal and subserosal injections of tracer have been developed for SN mapping. Submucosal injection of the tracer using an endoscope is a standard procedure in the trial conducted by the Japan Society of Sentinel Node Navigation Surgery [6] . In our institute, a tracer is endoscopically injected into the submucosal layer at four points around a primary tumor. Then, 0.5 ml of 99m Tc tin colloid or 0.2 ml of 2 % sulfan blue is injected at each point. No evidence of cancer was confirmed at these four points, where tiny clips are placed to identify the location [18] .
Several researchers reported that there was no difference in the detection rate, mean number of SNs, and sensitivity of the SN biopsies between submucosal and subserosal injection [19, 20] . But submucosal injection seems theoretical because lymph flows from the mucosal side to the serosal side and cancer cells move in this direction. On the other hand, subserosal administration is not suitable for preoperative injection of a radioisotope tracer or intraoperative injection with the laparoscopic approach. Since the inferiority of subserosal injection compared with submucosal injection in the rate of detection and sensitivity of SNs was reported in a meta-analysis [10] , submucosal Fig. 1 A lymph node in the right gastroepiploic basin was detected with a fluorescence laparoscope with a near-infrared indocyanine green (ICG) emission system (D-light P system, Karl Storz, Tuttlingen, Germany). The regular mode (a) and the ICG emission mode (b) of the D-light P system are instantly interchangeable using a foot switch. The lymph node observed with the regular mode (blue arrow) does not seem to be stained by ICG, whereas it is clearly identified as a sentinel node with the ICG emission mode (white arrow) injection is recommended for SN mapping in early gastric cancer.
Retrieval of SNs
Two methods to retrieve SNs have been reported: the pickup method and LBD (Fig. 2) . The pick-up method is a very popular method in SNNS for breast cancer and melanoma. Only stained and/or hot nodes, which are regarded as SNs, are retrieved to examine the metastatic status by intraoperative pathological examination. LBD is a selective lymphadenectomy to dissect stained areas, so-called lymphatic basins, containing lymph nodes and lymphatic vessels stained with dye. Stained and/or hot nodes are retrieved on a back table just after the LBD and are submitted to intraoperative pathological examination. There are five lymphatic basins along the main arteries of the stomach: the left gastric artery, right gastric artery, left gastroepiploic artery, right gastroepiploic artery, and posterior gastric artery [21] . The type of surgery chosen depends on the tumor location and the number and location of the lymphatic basins.
According to our feasibility study of SN mapping, more than half of patients with metastases to stained or hot nodes also had metastases to nonstained or cold nodes. But these nonstained or cold nodes with metastases existed in the lymphatic basin including stained nodes, except in one case [18, 21] . This patient had an advanced cancer with a large number of metastatic nodes; M, Gre, type 3, 3 cm, pT2 (SS), pN1 (10/44) [21] . If metastases in stained or hot nodes cannot be detected by intraoperative biopsy in the case of the pick-up method, metastases in nonstained or cold nodes inside the lymphatic basin will be left. But LBD would succeed in dissecting metastatic lymph nodes in not only stained/hot nodes, but also in nonstained/cold nodes in the basin. This ''lymphatic basin concept'' was validated in the feasibility study conducted by the Japan Society of Sentinel Node Navigation Surgery [7] .
From the results taken together, LBD might guarantee curability in SNNS for early gastric cancer, but the results of the new trial conducted by the Japan Society of Sentinel Node Navigation Surgery based on the LBD concept are still awaited to confirm the curability of function-preserving surgery. Kelder et al. [15] reported that the rate of lymph node metastasis was 50 % with the pick-up method versus 92.3 % with LBD, and nodal metastasis was always in the lymphatic basin. At this time, the pick-up method is not applicable to clinical practice of SN biopsy in gastric cancer owing to insecurity in oncological curability and complexity under laparoscopic surgery [22] .
Intraoperative diagnosis of SNs
Intraoperative biopsy using frozen sections of SNs is the most important but complicated issue of SN mapping. Overlooking microscopic detection of metastatic cancer cells as well as macroscopic detection of SN nodes causes false negatives in the SN mapping. In particular, micrometastasis influences the false-negative rate in intraoperative pathological diagnosis. It was reported that 24 % of patients with SN metastasis diagnosed by permanent sections could not be identified by frozen sections during the operation in the trial conducted by the Japan Society of Sentinel Node Navigation Surgery [7] . Different methods such as multistep level section, immunohistochemistry [23, 24] , reverse transcription PCR (RT-PCR) [25] [26] [27] [28] , and the one-step nucleic acid amplification assay [29] have been developed to reduce the falsenegative rate by an additional diagnosis for micrometastasis in SNs. Micrometastases were detected in four of 35 patients (11 %), and six of 1,028 nodes (0.58 %) without metastasis diagnosed by permanent section, using a combined technique of complete serial sectioning and immunohistochemistry [23] . Shimizu et al. [28] established a highly sensitive real-time RT-PCR system to detect the messenger RNA (mRNA) of cytokeratin 19, cytokeratin 20, and carcinoembryonic antigen, demonstrating that 27 % of the patients had negative pathological but positive RT-PCR findings. In seven patients (6.8 %), SNs were negative but non-SNs were positive on RT-PCR in that report. But RT-PCR-positive non-SNs were present in the same station as corresponding SNs in three of these seven patients and in the same basin as SNs in four patients. Furthermore, Kumagai et al. [30] reported that the sensitivity and specificity of the one-step nucleic acid amplification assay compared with histological examination in detecting cytokeratin 19 mRNA were 83.3 and 95.9 %, respectively. Recent developments in molecular biological techniques have reduced the detection time to 30-40 min [31] . These molecular biological methods have dramatically improved the sensitivity of SN metastasis in the intraoperative diagnosis but remain incomplete. It is critical to improve the quality of intraoperative diagnosis in SN mapping by developing new techniques [32] [33] [34] . But basically, allocation bias of metastatic tissue and/or low expression of target mRNA cause false negatives in molecular biological diagnosis. In this sense, the falsenegative rates might not reach 0 % even if there are advancements in molecular biological methods in the future. But almost articles about micrometastasis in SN biopsy support the oncological safety of LBD [23, 28, 35] . LBD is a ''de facto standard'' technique until a complete intraoperative diagnostic system is established.
Function-preserving gastrectomy as SNNS
We established function-preserving gastrectomy in combination with LBD on the basis of the favorable results of our feasibility study for the SN concept [18, 36] . Functionpreserving gastrectomy for early gastric cancer includes not only transectional gastrectomy but also local resection, cardia resection, and antral resection. Similar surgical procedures guided by SN mapping have been reported [37] [38] [39] .
We show how to perform transectional gastrectomy navigated by SN mapping [36] (Fig. 3) . This operation is applied for early gastric cancer of the middle third of the stomach without clinical or radiographic lymph node metastases (cT1N0) and with a diameter less than 4 cm. As mentioned already, SN mapping was conduced by a dual method, using a dye and a radioisotope.
99m Tc-phytate or 99m Tc-tin colloid is injected into the gastric submucosa at four points around the tumor using an upper gastrointestinal tract endoscope 1 day before surgery, and sulfan blue or isosulfan blue is injected in the same manner during the operation. About 15 min after injection of the dye, some lymphatics and lymph nodes are gradually stained blue.
When lymphatic basins along the left gastric artery and the right gastroepiploic artery are stained, transectional gastrectomy is indicated. The LBD, en bloc dissection of the lymphatic basin, is performed and stained nodes and hot nodes are identified by the naked eye and a gamma probe, respectively, on the back table. Retrieved nodes are submitted to the pathology department for intraoperative biopsy. When metastasis is not detected, transectional gastrectomy is performed, but if lymphatic metastases are proven, the standard distal gastrectomy with D2 is selected. Gastrotomy is necessary to confirm a 2-cm margin from the tumor before transection of the stomach. The resected area of the stomach is designed individually depending on the tumor size and location.
It is very important whether function-preserving gastrectomy could improve the patient's postoperative quality of life. There are many studies reporting postoperative objective and subjective outcomes of pylorus-preserving gastrectomy, a subtype of transectional gastrectomy. To summarize, weight loss is less [40] , dumping syndrome or early emptying occurs less frequently [41] , regurgitant gastritis is milder [42, 43] , disturbed bowel movement
Lt gastric basin
Rt gastroepiploic basin 2 cm Fig. 3 Transectional gastrectomy is indicated when lymphatic basins along the left gastric artery and the right gastroepiploic artery are stained. After the dissection of both lymphatic basins, stained nodes and hot nodes are retrieved on the back table and are examined intraoperatively. When metastases to sentinel nodes are not detected, transectional gastrectomy is performed. Gastrotomy is necessary to confirm a 2-cm margin from the tumor before transection of the stomach. Lt left, Rt right occurs less often [41] , function of the gallbladder is more preserved [44] , and the incidence of cholecystolithiasis is lower [43] in pylorus-preserving gastrectomy than in conventional distal gastrectomy.
Future perspective
Although laparoscopy-assisted gastrectomy or laparoscopic gastrectomy is still categorized as clinical research in the gastric cancer treatment guidelines issued by the Japanese Gastric Cancer Association [3] , most early gastric cancers are operated on under the laparoscopic approach. The organic combination of low invasiveness by laparoscopic gastrectomy and preservation of gastric function by SNNS will contribute to the patient's short-term and long-term quality of life, respectively [45] .
To date, the indication of EMR and ESD for early gastric cancer is limited to histologically differentiated, mucosal tumor with a diameter of less than 2 cm and without ulcer, whereas the gastric cancer treatment guidelines of the Japanese Gastric Cancer Association suggest some lesions for extended indication in an ongoing clinical trial (JCOG1009/1010) [3] . But these lesions have the possibility of lymph node metastasis. In such a case of risk of lymph node metastasis, endoscopic therapies combined with SN mapping would guarantee oncological security according to the favorable outcome of the multicenter trial conducted by the Japan Society of Sentinel Node Navigation Surgery [7] . When there is no metastasis in SNs as evidenced by intraoperative biopsy, endoscopic therapy would be a sufficient treatment, whereas D2 gastrectomy is necessary if metastases are proved in SNs [8, 46] . But it is debatable whether endoscopic therapies would be enough to secure a vertical margin. Full-thickness resection is an en bloc procedure dissecting a whole layer of the stomachbearing tumor with selective lymphadenectomy. Then, fullthickness resection is safer than EMR or ESD in oncological radicality because of uncertainty of preoperative diagnosis for tumor invasion and intramural deposits of cancer cells [47] (Fig. 4) . Recently, laparoscopic fullthickness resection was developed for gastric tumors. Laparoscopic and endoscopic cooperative surgery is a fullthickness resection for the treatment of submucosal tumor of the stomach [48] . Although laparoscopic and endoscopic cooperative surgery has the merit of minimizing the surgical margin, it induces the exposure of the gastric lesion to the peritoneal cavity, which might lead to iatrogenic implantation and dissemination of cancer cells. More recently, other new techniques such as the combination of laparoscopic and endoscopic approaches to neoplasia with a nonexposure technique (CLEAN-NET) [49] and nonexposed endoscopic wall-inversion surgery (NEWS) [50, 51] have been developed (Fig. 5) . After laparoscopic circumferential seromuscular incision, encircled gastric wall with primary tumor is inverted externally in CLEAN-NET or internally in NEWS and resected laparoscopically in CLEAN-NET or endoscopically in NEWS. It is characteristic of CLEAN-NET and NEWS to theoretically protect gastric mucosa against exposure to the peritoneal cavity. These laparoscopic procedures of full-thickness resection in combination with SN mapping are expected to treat early gastric cancer for which EMR or ESD is not applicable.
Conclusions
SNNS originally aimed at improving the postoperative quality of life of patients by omitting lymphadenectomy in cancer surgery. The pick-up method is an ideal method to minimize postoperative complications. But the importance of metastatic status in SNs is different between superficial malignancies including breast cancer and melanoma, and gastric cancer. Axillar or inguinal lymph node metastasis in the former means systemic disease, whereas regional lymph node metastasis in gastric cancer still has surgical curability. In this sense, the accuracy of metastatic status in SNs must be perfect in gastric cancer. In spite of great developments in SN detection by fluorescence and immunohistochemical or molecular diagnosis, the false-negative rate has not become zero. LBD would be a ''de facto standard'' technique unless a complete intraoperative diagnostic method for SNs is developed. But further evaluations of the LDB concept and particularly the results of 
